| INTRODUCTION
Progesterone promotes mechanisms that control the immunological environment of the uterus (Hansen, Bazer, & Segerson, 1986) . We would expect different conflict between reproductive and immune system in healthy cows and those with a chronic infection such as bovine neosporosis. Neospora caninum is an obligate, intracellular, protozoan parasite considered a major cause of abortion in cattle worldwide (Almería & López-Gatius, 2013) . On dairy farms, abortion or congenital infection occurs when parasites cross the placenta and infect the foetus (Dubey & Lindsay, 1996) .
The immune response during pregnancy is mostly regulated through cytokines which are produced by T helper (Th) and T regulatory (Treg) cells. Th1 (pro-inflammatory) cytokines such as gamma interferon (IFN-γ) play an essential role in providing protective immunity against N. caninum. However, an intense pro-inflammatory response will be likely followed by foetal or placental damage and abortion in pregnant cows (Almería & López-Gatius, 2015) . In cattle, IFN-γ has been linked to protection against N. caninum-associated abortion (Almería & López-Gatius, 2015) . Probably, the progesterone-induced Th2 (pro-gestation) cytokine bias promotes maintenance of pregnancy by reducing local inflammatory responses. Our observation of the upregulated cytokine gene expression of both IFNγ (Th1) and IL4 (Th2) in infected dams reinforces this idea (Almería et al., 2016) .
The immunosuppressive actions of progesterone on the uterus during gestation have been attributed in part to uterine serpins | 557 SERRANO-PÉREZ Et Al. (Hansen et al., 1986) . One such serpin, SERPINA 14 (serpin peptidase inhibitor, clade A member 14), has been linked to maternal immunosuppression during pregnancy (Padua, Kowalski, Cañas, & Hansen, 2010) . Pregnancy-associated glycoproteins I (PAG-I) and II (PAG-II), indicators of foetal-placental health, coexist in the ruminant trophectoderm (Garbayo, Serrano, & Lopez-Gatius, 2008) . In a recent study, expression patterns of the genes SERPINA14, PAG1 and PAG2 at the foetal-maternal interface were investigated in dairy heifers experimentally infected with N. caninum . In aborting infected dams, SERPINA14 expression was significantly reduced and a negative relationship was observed between N. caninum antibody titres and SERPINA14 or PAG expression in all infected animals . 
| MATERIALS AND METHODS
Seven Holstein-Friesian heifers with live foetuses were included in the study. The infection protocol and sample collection have been described in Almería et al. (2016) . Three heifers were infected on Day 110 of gestation and then euthanized on Day 152 of gestation. The four remaining heifers were kept as uninfected controls and were euthanized at the same time as the infected dams. All experimentally infected heifers were seropositive for N. caninum upon euthanasia, and DNA of N. caninum was detected in their foetuses. Control uninfected heifers and their foetuses and placental tissues showed no signs of Neospora infection (Almería et al., 2016) .
At euthanasia, blood samples were collected to determine progesterone concentrations. Samples of the uterine lymph nodes (UTLN) and intercaruncular tissue and of mixed placentomes (cranial, medial and caudal placenta) were collected from each dam. The corpora lutea were aseptically dissected and divided into two sections: one was stored in liquid nitrogen, and the other section was used for histopathology.
Paraffin-embedded 5-μm sections of corpora lutea were prepared and stained with haematoxylin-eosin for histopathological examinations. Intercaruncular, UTLN, placental and luteal tissue samples were managed as described in Almería et al. (2016) . Total RNA was extracted as described in Serrano-Pérez et al. (2016) . Messenger RNA expression was determined by real-time RT-PCR on four target genes: IFNγ, IL4, IL10 and SERPINA14. Cytokine gene expression (IFNγ, IL4, IL10) in UTLN, placental and luteal samples was determined as described in Almería et al. (2016) . SERPINA14 gene expression was determined Significance was set at p ≤ .05.
Available samples could be obtained from UTLN, caruncle and cotyledon tissues in three controls and three infected dams, and from intercaruncular and luteal tissues in four controls and three infected dams. 
| RESULTS

SERPINA14
| DISCUSSION
The negative correlation observed here between SERPINA14 expression and Th1 and Th2 cytokines likely suggests that reduced local T A B L E 1 Spearman correlation coefficients (r) between expression levels of the genes SERPINA14 and IFNγ and IL4 in foetal-maternal interface samples (A), and between IL10 in luteal samples and IFNγ and IL4 in luteal and caruncle samples (B) immunosuppression by the uterine serpin is needed to improve maternal immune responses against the parasite to maintain gestation. Thus, the Th1/Th2 balance seems to play a key role in maintaining pregnancy during the course of N. caninum infection (Almería & López-Gatius, 2015) .
Despite suggestions of tropism of N. caninum for ovarian follicles (Silva et al., 2012) , in our experimental conditions, N. caninum infection had no clear effects on the immune response taking place in the corpus luteum. However, the significant positive correlation between the luteal expression of Treg (IL10) and the expression of Th1 (IFNγ) and Th2
(IL4) in both luteal and placental tissues suggests that the placenta can act as an immune organ that can sense changes in the environment and then signal to other cells to elicit a response (Schminkey & Groer, 2014 ).
In conclusion, our findings indicate that the gene expression of the uterine serpin SERPINA14 correlates negatively with the expression of Th1 and Th2 cytokines at the foetal-maternal interface but not the corpus luteum.
